ABSTRACT: We reviewed the cases of fifty-six scaphoid non-unions in fifty-five patients, none of whom had received treatment of any kind before examination. In the thirty-two patients who had been injured five years or more earlier, arthritis developed in thirty-one (97 per cent). The one patient in whom osteoarthritis developed less than four years after injury also had avascular necrosis of the scaphoid. The incidence of osteoarthritis increased with time after injury. We concluded that patients with established scaphoid non-union should be advised that osteoarthritis will most likely develop.
The justification for treating scaphoid fractures has been that a non-union would most probably result in carpal osteoarthritis and pain in the wrist. However, many patients with a scaphoid non-union have been reported not to have pain 3'64°. This study was done in an attempt to determine if osteoarthritis inevitably develops in patients with a scaphaid non-uni~0n.
Materials and Methods
The cases of the patients in this study were collected prospectively from the Boston Veterans Administration Hospital and the New England Medical Center Hospital over a period of nine and a half years. No patient had had any treatment for the fractured scaphoid between the date of injury and, the date of examination, and all of the patients had been injured at least one year before examination. All of the patients and their radiographs were personally examined by the senior one of us (L. K. R.). There were fiftysix ununited fractures of the scaphoid in fifty-five patients. The average time from injury to examination was eight years (range, one to forty years). The average age of the patients at the time of injury was twenty-four years (range, eight to eighty years). The average age at examination was thirtytwo years (range, eighteen to eighty-five years) (Table  The . patients were divided into three groups, as determined by the number of years from injury to examination. The early group had had the injury one to four years before examination; the intermediate group, five to nine years; and the late group, ten years or more. Twenty-three patients (twenty-four non-unions) were in the early group, thirteen patients were in the intermediate group, and nineteen patients were in the late group. Fifty-one (93 per cent) of the patients were seen because of a painful wrist and four (7 per cent) had been seen in the emergency room because of an unrelated problem with the hand. Twenty-two (40 per cent) of the patients with a painful wrist had had a second injury that caused them to seek attention, although they had been asymptomatic from the time of the initial injury. The radiographic examination consisted of anteroposterior and lateral radiographs of the affected hand and wrist. The clinical examination consisted of a history of the injury as to nature and time; the type of treatment, if any; the presence or absence of pain; loss of motion and grip strength as compared with the normal extremity; and the functional status of the hand and wrist.
Results
Thirty-one (55 per cent) of the involved wrists had radiographic evidence of carpal arthritis at the time of evaluation (Table I) . Osteoarthritis was defined as mild if only joint narrowing was present, moderate if both joint narrowing and osteophyte formation were present, and severe if joint narrowing, osteophyte formation, and either intraosseous cyst formation or sclerosis, or both, were present. The osteoarthritis was either confined to the articulation between the distal fragment of the ununited scaphoid and the radius (Fig. l-A) or also included the articulations betwe, en the scaphoid, capitate, and/lunate. The articulations between the radius and lunate and between the hamate and triquetrum were never involved. Osteoarthritis of the scaphoid.-radial styloid articulation was seen in the undisplaced and early non-unions. The second pattern of osteoarthritis--radial styloid-scaphoid, capitate-scaphoid progimal fragmertt, and capitate-lunate arthritis --was seen in the late and displaced non-unions ( Fig. l-B) . Of the early group twenty-four non-unions, only one (9 per cent) had osteoarthritis; of the intermediate group of thirteen patients, twelve (92 per cent) had osteoarthritis; and of the late group nineteen patients, all had osteoarthritis. In general, the degree of osteoarthritis was more severe in the late group than in the intermediate groi~p.Thirty-one (97 per cent) of the thirty-two patients who had been injured five years earlier or more had osteoarthritis. The single exception (Case 21) was a patient who had sustained the fracture before skeletal maturity. The only patient who had been injured less than tour years earlier and who had osteoarthritis (Case 43) also had avascular necrosis. Twelve (21.4 per cent) of the fiftysix wrists had an intercarpal collapse deformity ( Fig. l-C) , always of the dorsal intercalated-segment type s . Dorsal intercalated deformity is defiried for the purpose of this paper as dorsal angulation of the lunate when compared with the long axis of the capitate and radius, on a true lateral radiograph of the wrist. The symptomatic patient complains of pain in the wrist or admits to it when questioned. The symptoms of pain in the wrist in our patients did not have a consistently positive correlation with the presence, location, or severity of any arthritis that was present, with the time since injury, or with the presence of dorsal intercalatedsegment deformity. Could not tell if osteoarthritis was present Extensor digitorum communis and extensor indicis proprius rapture on osteophyte sustained a fracture of the scaphoid at the age of nineteen. He was first examined when he was twenty years old (Fig. 2) . He wanted to complete the basketball season, and because of continued pain he sought treatment two years after injury. Examination at the age of twenty had revealed limited motion of the wrist, with dorsiflexion to 45 degrees, palmar flexion to 65 degrees, ulnar deviation to l0 degrees, and radial deviation to 25 degrees. The grip strength was 22.7 kilograms (fifty pounds), compared with 54.4 kilograms (120 pounds) on the unaffected side. There was radiographic evidence of osteoarthritis, and none was found at surgery.
Case Reports
The case of this patient was typical of the early group, in that he remained symptomatic from the time of injury until he sought treatment.
CASE 27. A twenty-three-year-oldright-handed man, a house-painter, had injured the right wrist four years l~reviously and the left wrist nine years previously. He came to the emergency room for removal of a large splinter in the right index finger. Radiographs of both wrists revealed a well established non-union in both scaphoids without displace_ment (Figs.  3-A and 3-B) . Osteoarthritis of the articulations between the radial styloid and distal fragment and between the capitate and lunate was present in the left wrist but not in the fight wrist. On careful questioning, the patient denied symptoms referable to the right wrist and said that he had only slight intolerance to cold in the left wrist. These sympioms Were not sufficient to cause him to seek treatment or to modify his activities in any way. He did not seek further care.
This case is typicalof the intermediate asymptomatic group of patients in our series, who had a well established scaphoid non-union but were able to engage in heavy physical activity without significant symptoms. CAse 46. A seventy-five-year-old right-handed white man, a retired truck driver and naval diver, had sustained a dorsiftexion injury to the right wrist at the age of thirty-five. He had continued to work as a diver for ten years and a truck driver for a further thirty years. He came to the emergency room because of severe injuries to the fingers of the right hand from a table saw (Fig. 4-A) . Radiographs incidentally revealed an established non-union of the scaphoid with severe degenerative changes of the distal pole: of the scaphoid-radial, capitate-scaphoid, and capitate-lungte joints There is moderate to severe periscaphoid arthritis.
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( Fig. 4-B) . After recovery from the table-saw injury, there was dorsiflexion of the wrist to 40 degrees and palmar flexion to 50 degrees. Grip strength was 5.4 kilograms (twelve pounds).
The case of this patient is typical of the group with a late non-union who had severe osteoarthritis secondary to the non-union but had few symptoms.
Discussion
Osteoarthritis developed in all but one of the scaphoid non-unions in this study that were five years old or older. Fifty (89 per cent) of the fifty-six non-unions became symptomatic at some point. Although it is quite probable that there are patients whose scaphoid non-union remains asymptomatic, the majority of those in this study either had had a second injury that caused them to become symptomatic or had been symptomatic since the time of injury.
Other authors TM have stated that in patients with a scaphoid fracture a firm fibrous non-union may develop, and that it will be asymptomatic unless this is disrupted by a second injury. Although we cannot prove that this occurs, it may possibly explain why twenty-six wrists in our series were asymptomatic until a second injury occurred. We cannot explain why an undisplaced fracture of the scaphoid should lead to osteoarthritis, although small increments of abnormal motion in the contiguous carpal joints may play a role.
We were somewhat surprised that avascular necrosis developed in only two wrists. In addition, only twelve wrists (21.4 per cent) had intercarpal collapse and non-union. This was not as large a percentage as th, at found by Cooney et all., who noted a 35 per cent rate of non-union in displaced scaphoid fractures. However, this apparent discrepancy may be explained by our definition of displacement as being present only if a dorsal intercalated-segment pattern was present, whereas Cooney et al. included wrists that had one millimeter of step-off or more at the fracture site. As all but one of our patients with a late or intermediate non-union had osteoarthritis, we could not determine displacements of this small magnitude. The pattern of osteoarthritis in the patients with a dorsal intercalated-segment pattern was somewhat different from that in patients with an undisplaced fracture. In the group with a displaced fracture, scaphoid-capitate and scaphoidlunate arthritis developed in addition to the arthritis of the distal pole of the scaphoid that was seen in the patients with an undisplaced fracture (Figs. 1-A and l-B) .
The study does not answer the question of whether bone-grafting or any other treatment that leads to scaphoid union will prevent the development of osteoarthritis. We are presentlY investigating this issue.
We recommend advising all patients with a scaphoid non-union, whether they are symptomatic or not, that osteoarthritis is a likely eventuality, although it may not be painful.
